Abstract. To date, there are evidence-based guidelines available for cervical dysplasia diagnosed in pregnancy. Certain functional biomarkers have proven useful in the prediction of regressing and non-regressing cervical intraepithelial neoplasia (CIN) lesions in non-pregnant women. In the present study, Ki-67 and p16 immunostaining were evaluated in different grades of CIN lesions diagnosed in pregnant or non-pregnant women with the aim to identify any differences in order to better understand the behavior of CIN in pregnancy. The current retrospective case-control study included 17 pregnant patients that conceived naturally with first-time onset of CIN occurring at no later than 16 gestational weeks. The control group included 17 non-pregnant patients matched for age, parity and number of previous sexual partners. Exclusion criteria included previous cervical treatment, immunocompromised status, chronic hepatitis B and/or C and cigarette smoking. p16 and Ki-67 protein expression were respectively detected using the CINtec Histology kit and monoclonal antibodies against Ki-67. p16 and Ki-67 staining were analyzed using a classification system based on the distribution of positivity on a semi-quantitative three point-scale. p16 and Ki-67 immune reactivity correlated positively with the grade of epithelial dysplasia in the total cohort of pregnant and non-pregnant patients; expression increased linearly from CIN1 to CIN3. Furthermore, the association between p16 immunostaining and CIN grade was significant in non-pregnant patients but not in pregnant patients. In pregnant patients, positivity for Ki-67 was less intense than in non-pregnant patients. These results appear to suggest that pregnancy status interferes with the expression of cellular proteins involved in cell-cycle regulation and the carcinogenic process induced by high-risk human papilloma virus, exhibiting increased variability in their staining.
Introduction
The results of Pap tests performed during routine screenings at the beginning of prenatal care are abnormal in 8-12% of cases (1) . Overall, the prevalence of abnormal cervical cytology in pregnancy is similar to that of age-matched, non-pregnant women (2) . The incidence of cervical intraepithelial neoplasia (CIN) in pregnancy varies among different patient populations, as it does in non-pregnant women, but when age-matched, the risk of CIN is not higher than that among women who are not pregnant, ranging between 3.4 and 10.0% (3) . The management of pregnant women with abnormal cytology depends on the degree of cytological abnormality, the outcome of colposcopy, and, when necessary, directed biopsy. Since, the only diagnosis that may alter management in pregnancy is invasive cancer, the management of pregnant women with abnormal cervical cytology or biopsy-proven CIN is generally more conservative compared with management of similar cytology and histology in non-pregnant women. However, management guidelines for cervical dysplasia are not well defined and are based on data collected from non-pregnant women, the opinion of experts, anecdotal experiences or retrospective series of pregnant women.
Previous studies show a varying postpartum regression rate of CIN of 12-97% and a persistence/progression rate of 2-60%; however, there are no definitive data or evidence-based guidelines available for cervical dysplasia diagnosed in pregnancy (4) (5) (6) (7) (8) . Functional biomarkers, such as Ki-67, p16, p53 and cytokeratin 13/14, have proven useful in the prediction of regressing and non-regressing CIN2-3 lesions. Ki-67 is a non-histone protein that exists as two isoforms encoded by cDNA sequences of 11.5 and 12.5 kb organized over 15 exons and localized on chromosome 10 (9). Its expression is applied to assess the growth fraction of a cell population (10 (11, 12) . Based on the aforementioned data, the present study evaluated Ki-67 and p16 immunostaining in CIN lesions diagnosed in pregnancy compared with those diagnosed in non-pregnant women. The aim was to identify any differences in order to better understand the behavior of CIN in pregnancy.
Patients and methods
Patients. The present retrospective case-control study included 17 pregnant patients with first-time onset of CIN that were consecutively referred to the affiliated outpatient services of the Lower Genital Tract Disease at the Woman's Health Sciences Department, Gynecologic Section of the Woman's Health Sciences Department, Marche Polytechnic University (Ancona, Italy) and the Gynecological Oncology Unit, Department of Surgical Oncology, Oncologic Referral Centre, National Cancer Institute (Pordenone, Italy) between January 2010 and December 2010. The inclusion criteria were as follows: i) First diagnosis of CIN occurred prior to the 16th gestational week and ii) pregnancies were not obtained by assisted reproductive technologies. Exclusion criteria included: i) Previous cervical treatment (not only for HPV-associated disease); ii) immunocompromised status; iii) chronic hepatitis B and/or C; and iv) cigarette smoking.
The control group included 17 non-pregnant patients with first-time onset of CIN that were consecutively referred to the same institutes during the same study period, and matched for age, parity and number of previous sexual partners. The control group also complied with the same exclusion criteria.
Ethics statement. The present study was designed as a basic scientific research study and, therefore, did not require approval from a Research Ethics Committee. Approval was obtained from the Ethics Committee of Marche Polytechnic University in order to routinely collect data. Written informed consent for the use of personal data was obtained from each patient.
Immunohistochemistry. Following colposcopy, punch cervical biopsies were obtained from the transformation zone and fixed in 10% buffered formaldehyde (Diapath S.P.A., Martinengo, Italy), embedded in paraffin (AppliChem GmbH, Darmstadt, Germany), sectioned to a thickness of 5-6 µm and stained with hematoxylin-eosin (Bio-Optica S.P.A., Milano, Italy) for routine histological examination.
The sections were dewaxed in xylene (Carlo Erba Reagents, Val-de-Reuil, France) and rehydrated through a graded series of ethanol (Carlo Erba Reagents). The p16 mouse monoclonal antibody (clone E6H4; ready-to-use) was included in the CINtec ® Histology kit (catalog no. 9517; Ventana Medical Systems, Inc., Heidelberg, Germany), which was used according to the manufacturer's protocol.
The Ki-67 mouse monoclonal antibody (clone MIB-1; catalog no. M7240; Dako, Golstrup, Denmark) was used at a 1:80 dilution in Antibody Diluent (Dako). Briefly, to better enhance antigenic sites, a low pH Dako Target Retrieval solution (catalog no. K8005) was applied, by incubating sections in a Dako PT-Link autostainer at 750 Kw for 20 min.
Endogenous peroxidase activity was quenched by incubating the sections in 3% (v/v) hydrogen peroxide (Dako) for 7 min at room temperature. Tissue sections were incubated with the anti-Ki-67 monoclonal antibody for 60 min. The antigen-antibody complex was subsequently detected using the 
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Dako EnVision™ Detection System, Peroxidase/DAB (catalog no. K801021; Dako). Sections were counterstained with Mayer's haematoxylin (Bio-Optica S.P.A.) and cover-slipped with Eukitt (Bio-Optica S.P.A.). All histological specimens with stained with hematoxylin-eosin were initially examined by a pathologist to assess the grade of CIN (CIN1/2/3), using a Nikon Eclipse E800 light microscope (Nikon Italia, Firenze, Italy). The evaluation of p16 and Ki-67 positive cells on cervical biopsy sections was performed by light microscopy at appropriate magnifications. Immunoreactivity for the antibody was evaluated by two observers and experiments were repeated three times; discordant results were reconsidered in a consensus review. The cells considered positive exhibited nuclear and/or cytoplasmic staining for p16 and nuclear staining for Ki-67. Immunoreactivity was evaluated using a semi-quantitative three point-scale system, as it follows: i) -/+, if there was a complete lack of immunostaining or if positivity was confined to the lower third of the squamous epithelium; ii) ++, if positivity was confined to less than two thirds of the squamous epithelium; iii) +++, if reactivity was observed in all epithelial levels, regardless of the staining intensity ( Fig.1) .
Statistical analysis. Data were analyzed using STATA software (version 11; StataCorp LP, College Station, TX, USA). Fisher's exact test was used to assess the association between categorical variables. Experiments were performed twice. P<0.05 was considered to indicate a statistically significant difference.
Results
Characteristics of the population. Of the 34 patients involved in the present study, 4 were classified as CIN1 (25% of cases; 75% of controls), 13 as CIN2 (70% of cases; 30% of controls) and 17 as CIN3 (35% of cases; 75% of controls). There were no statistically significant differences in CIN grade distribution between pregnant and not-pregnant patients. The mean age of the women was the same in both groups (mean ± standard deviation, 34.6±4.8 years). Cases and controls were also comparable for parity, smoking status and number of previous sexual partners (data not shown). p16 and Ki-67 expression in the cervical biopsies and their association with CIN grade in the entire study population were evaluated (Tables I and II) . p16 expression. By analyzing p16 immunoreactivity, negative staining or positive staining confined at the lower third of the squamous epithelium (-/+) was observed in 9 patients. Diffuse positive staining was observed in significantly more CIN2/3 samples than CIN1 samples (P=0.008). In particular, a complete lack of immunostaining or positivity confined to the lower third of the squamous epithelium (-/+) was observed in 100.0% (4/4) of CIN1, 15.4% (2/13) of CIN2 and 17.6% (3/17) of CIN3 samples; positivity confined to less than two thirds of the squamous epithelium (++) was observed in 0.0% (0/4) of CIN1, 46.1% (6/13) of CIN2 and 17.6% (3/17) of CIN3 samples; and diffuse positivity in all epithelial levels (+++) was observed in 0.0% (0/4) of CIN1, 38.5% (5/13) of CIN2 and 64.8% (11/17) of CIN3 samples (Table I ). In CIN3, diffuse positivity for p16 (+++) was observed in 72.7% of non-pregnant women, but only in 50.0% of pregnant women. Positivity for Ki-67 was confined at the lower third of the epithelium or complete absent (-/+) in 100% (4/4) of CIN1, 23.1% (3/13) of CIN2 and 0% (0/17) of CIN3; positivity confined to less than two thirds of the epithelium (++) was observed in 0% (0/0) of CIN1, 53.8% (7/13) of CIN2 and 47.1% (8/17) of CIN3; and diffuse positive immunostaining (+++) was observed in 0% (0/4) of CIN1, 23.1% (3/13) of CIN2 and 52.9% (9/17) of CIN3 (Table II) . Statistical analysis revealed that the association between p16 immunostaining and CIN grade was significant in non-pregnant patients (P=0.003) but not in pregnant patients (P=0.344) (Table III) .
Ki-67 expression. Positivity for Ki-67 was less intense in pregnant patients than in non-pregnant patients. Ki-67 was expressed in all epithelial levels in 16.7% of pregnant patients with CIN3 compared with 72.7% of non-pregnant patients with CIN3 (Table IV) . Ki-67 immunostaining was significantly associated with CIN grade in non-pregnant patients (P=0.003) but not in pregnant patients (P=0.236).
Association between p16 and Ki-67 immunoreactivity. The expression of the two biomarkers was compared, revealing an association with the CIN grade (P=0.002) in the total patient cohort. The association between Ki-67 and p16 expression persisted when the analysis was narrowed exclusively to pregnant women (P=0.019) (Table V) , but not in non-pregnant women (data not shown). Table II . Correlation between Ki-67 expression and CIN grade in the total study population (P<0.001). Table I . Correlation between p16 expression and CIN grade in the total study population (P=0.008). 
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Discussion
Few clinical studies have been performed concerning cervical intraepithelial lesions during pregnancy and data regarding the influence of pregnancy on the natural history of CIN are discordant. However, the risk of progression of CIN2/3 to invasive cervical cancer during pregnancy appears to be minimal (4) (5) (6) (7) (8) however, the rate of spontaneous regression post-partum is relatively high. Spontaneous regression is reported in 12-97% of cases, while persistence in the severity of CIN is reported in 25-47% of cases (13) (14) (15) . Based on this data, it is established that patients with any grade of CIN in pregnancy should be conservatively managed after an invasive disease has been excluded (16) . However, this topic continues to have a great clinical relevance, as premalignant lesions are typically diagnosed in the fertile age range and cervical cancer is the most commonly occurring malignancy during pregnancy, with an incidence of 1.2-4.5 per 10,000 women (17) . In the present study, p16 and Ki-67 immunostaining was analyzed in patients diagnosed with CIN lesions during pregnancy compared with those diagnosed in non-pregnant women. The results showed an increased variability in the expression of these biomarkers in pregnant patients.
p16 and Ki-67 were selected for analysis in the present study, as they are two biomarkers with available standardized, commercial assays and have been most commonly evaluated in clinical studies. Overexpression of p16 and Ki-67 have proven to be useful indicators of clinically significant infections and lesion severity in numerous studies (11, 18, 19) ; several properties of p16 and Ki-67 enable them to be promising biomarkers for HPV-associated cancer, since they are associated with histological grade and infection for HR-HPV (17) . In addition, p16 immunostaining appears to be a useful adjunctive test in the examination of colposcopically-directed cervical biopsies and in the diagnostic cascade of women investigated for abnormal Papanicolaou smears, due to its capacity to reveal the integration of high-risk HPV DNA into the host cell genome (20) .
p16 is a cellular correlate of increased expression of oncogenic E6/E7 HPV mRNA (21) (22) (23) (24) (25) . Its expression is directly associated with the action of the HPV oncogene, as continuous expression of E7 is necessary to maintain a malignant phenotype in HPV-associated cancer (26) . Several studies have shown that positive p16 immunostaining is significantly associated with CIN2/3 or carcinoma (27) (28) (29) (30) (31) (32) (33) (34) . Although varying efficacy of p16 immunostaining in CIN2-3 or carcinoma has Table IV . Correlation between Ki-67 expression and CIN grade in pregnant (cases) (P=0.236) and non-pregnant (controls) (P=0.003) women. Table III . Correlation between p16 expression and CIN grade in pregnant (cases) (P=0.344) and in non-pregnant (controls) (P=0.003) women. Table V . Correlation between p16 and Ki-67 expression in pregnant women (P=0.019).
been reported, the majority of studies have reported that p16 immunostaining has a high sensitivity to CIN2/3 or carcinoma (range, 82-100%), supporting the hypothesis that p16 is a suitable biomarker for CIN2/3 (35). Klaes et al identified p16 expression in 60% of CIN1 cases, while 40% had no expression or only focal expression (25) . In a study by Benevolo et al, none of the normal cervical tissues analyzed exhibited p16 positive staining, whereas a constant and significant increase in protein overexpression was observed in CIN1 (30%), CIN2 (90%), CIN3 (100%) and carcinoma (100%) tissues (36) . More recently, p16 was evaluated as a prognostic marker of progression and regression in series of prospectively recruited patients with CIN1, suggesting that a negative result for p16 may exclude the possibility of progression during follow-up (37) . The Ki-67 protein is a human nuclear antigen strictly associated with cell proliferation. It is present during all active phases of the cell cycle (G1, S, G2 and mitosis) but is absent in resting cells (G0); therefore, it is used to determine the growth fraction of a given cell population. The fraction of Ki-67-positive tumor cells (the Ki-67 labeling index) is commonly correlated with the clinical course of the disease. Previous studies have shown an association between Ki-67 expression and lesion severity or growth rate, and demonstrated the use of Ki-67 expression in the analysis of vulvar and vaginal lesions caused by HPV (38, 39) . Therefore, the determination of Ki-67 expression appears to be a relevant complementary examination in the detection and distinction of different lesion grades of the uterine cervix.
Data obtained in the present study revealed that p16 and Ki-67 staining occur in a less deep section of the CIN squamous epithelium in pregnant patients than in non-pregnant patients. In contrast to the consistent positive staining for p16 and Ki-67 in non-pregnant women with CIN2/3, CIN2/3 lesions typically exhibited markedly more variable staining in pregnant women. Similarly, the correlation between p16/Ki-67 expression and the severity of CIN was significant in non-pregnant women but not in pregnant women, where increased p16 and Ki-67 staining according to CIN grade was proportionally lower. These results indicate that the pregnancy status of a patient interferes with the expression of cellular proteins involved in cell-cycle regulation and the carcinogenic process induced by high-risk HPV, with increased variability in staining observed in pregnant women. Although it is not known whether this immunohistochemical variability in p16 and Ki-67 staining is also able to provide information on the evolution of CIN lesions in pregnancy, it is important to identify a suitable interpretation for the aforementioned phenomenon. A possible mechanism is associated with changes in the hormonal status during gestation. p16 and Ki-67 staining may depend on altered transcriptional regulation of the viral E6/E7 oncogenes, which affect almost all the cellular pathways involved in HPV-associated carcinogenesis. Thus, the modulation of p16 and Ki-67 expression may be attributed to increased levels of progesterone, the essential hormone for pregnancy. In fact, progesterone influences the gene expression levels of proteases, transcription factors, cell-adhesion molecules, modulators of vascular activities and regulators of inflammation (40) . Furthermore, modulation of the individual immune system performed according to the pregnancy status may have a significant influence on the balance of early oncogenic status.
The present study is important for a number of reasons. To the best of our knowledge, it is the first study to evaluate p16 and Ki-67 expression in pregnant women. Furthermore, it was performed over a short period of time at affiliated medical centers, to ensure the samples were homogeneous, and by two colposcopists highly experienced in evaluating lesions in pregnancy. However, the present study did not consider additional factors possibly associated with the evolution of CIN during pregnancy, such as co-infections other than HPV, including Chlamydia trachomatis, herpes simplex virus and cytomegalovirus. Another limitation of the study is the small sample size.
In conclusion, the findings concerning p16 and Ki-67 expression suggest that pregnant patients may exhibit a less aggressive biological behavior of cervical dysplasia than non-pregnant patients. Further clinical studies should be performed to support these findings and apply them to a 'watchful waiting' strategy for the management of cervical dysplasia during pregnancy. From a scientific point of view, the results of the present study encourage further research to identify other biomarkers to aid in better understanding the clinical evolution of CIN during pregnancy, and the influence of the hormonal gestational pattern and the immune system on the natural history of HPV infection.
